Aging is a complex biological process. Main factors that interplay in the aging process include free radicals and oxidation, insulin and insulin growth factors
Introduction
Aging is a process characterized by progressive decline of organ functions, increased incidence of age-related diseases and mortality (Cui et al., 2012; Romano et al., 2010) . Although diseases associated with aging are mistakenly referred as diseases of the elderly, they are markedly distinct. Age-related diseases include cardiovascular disease (CAD, stroke), cancer, arthritis, osteoporosis, cataracts, diabetes, type 2, hypertension, chronic obstructive pulmonary disease and dementia (WHO, 2011) . Epidemiological data show that they are responsible for 2/3 of the global death burden, while they account for 90% of disease in the industrialized world. Roughly 150.000 people die every day and 100.000 of them die due to ageassociated causes, making aging the greatest risk factor for death and disease. Non-communicable diseases (NCD) are the most common health problem in older age and their incidence is closely related to wealth. Heart disease, stroke, and chronic lung disease are the biggest killers of older people worldwide, though in low-income countries older people carry a greater disease burden than those in the rich world (Prince et al., 2015) . Previous studies have described telomere length as promising emerging biomarker for use in colorectal cancer which is placed in the third place among the most diagnosed cancer in men (Nikolouzakis et al., 2018) . Age-related diseases cause disability through sensory impairments, back and neck pain, chronic obstructive pulmonary disease, depression, falls, diabetes, Alzheimer disease, and osteoarthritis (Frasca et al., 2017) . Previous studies have summarized the current state of knowledge on the role of telomeres in mental disorders with the most common being depression, schizophrenia and stress-anxiety. Most studies report reduced telomere length in patients suffering from mental disorders, compared to the general population.
Since the factors that can affect telomere length are various, more experiments and investigations are required to understand the general impact of different factors on telomere length (Vakonaki et al., 2018) .
The term aging refers to the increase of biological age and not the chronological. There is only a weak association between biological age with a person's age in years. Indeed, some 80-year-olds have physical and mental capacities similar to 20 years-old individuals. Also, health in older age is not random. Although some of the differences in older people's health reflect their genetic inheritance, most are due to epigenetic factors, their physical and social environments.
It's important to note that epigenetic factors start to influence aging since childhood (Benayoun et al., 2015) .
Aging is a multifactorial process
Several factors have been suggested to interplay in aging, including free radicals and oxidation, mitochondrial dysfunction, insulin and insulin growth factors, sirtuins, mTOR, microbiome, lack of micronutrients and declining proteasome activity (Fig. 1) . The biological significance and their role in the process of aging will be further discussed.
Free radicals and oxidation have been long suggested to be the leading cause of aging, while another theory indicates mitochondrial dysfunction as the key player (Romano et al., 2010) . Oxidative stress reflects the imbalance between the production of reactive oxygen species (ROS) and the antioxidant defenses. The free radical theory stated that oxidative stress causes damage to cell components -proteins, lipids, and DNA through the release of excessive free radicals (Betteridge, 2000) .
Mitochondrial dysfunction theory of aging is a modification of the free radical theory, and suggests that cumulative damage to the mitochondria and their DNA (mtDNA) caused by free radicals is the central factor of aging (Payne & Chinnery, 2015) .
Insulin and insulin growth factor-I (IGF-I) reduced signaling predict increased longevity in organisms ranging from yeast to mammals (Parrella et al., 2015; Milman et al., 2014) .
Disruptions of the circadian rhythm, the natural feeding and the fasting cycle facilitates increased calorie intake and contribute to metabolic diseases that may accelerate the aging process.
Alternating periods of feeding with periods of fasting, as in time restricted feeding, fast mimicking diets and periodic or intermittent fasting, impart pleiotropic benefits have been associated with the down regulation of IGF-1 and improvement of insulin sensitivity (Lee et al., 2014) . Metformin protective effects against several age-related diseases in humans have been associated with decreased insulin resistance and IGF-1 signaling. Those effects will be tested in the TAME (Targeting Aging with Metformin) trial. Insulin and IGF-1 are also central regulating factors for the SIRT-1 (sirtuin) and mTOR pathways (Watroba & Szukiewicz, 2016; Barzilai et al., 2016) .
Sirtuins are a class of nicotinamide adenine dinucleotide (NAD+)-dependent deacetylases, and have been suggested to be potent in prevention of aging and age-related diseases, and even reverse aspects of aging (Bonkowski & Sinclair, 2016) . Sirtuins contribute to cellular regulation of many metabolic functions related to aging, including DNA repair, autophagy, apoptosis, genome stability, and mitochondrial functions (Watroba & Szukiewicz, 2016) .
The mTOR (mechanistic target of rapamycin) pathway directly influences protein synthesis, transcription, autophagy, metabolism, and organelle biogenesis and maintenance (Lipton & Sahin, 2014) . Inhibition of the mTOR pathway has a protective effect against age-related diseases and extends lifespan in model organisms. (Heintz & Mair, 2014) .
Lack of micronutrients accelerates aging through mitochondrial decay, DNA damage, such as chromosome breaks, and metabolic disruption.
Most people are characterized by inadequate dietary intake of vitamins and minerals, most likely due to excessive consumption of high calorie, micronutrient-poor, processed food. Poor nutrition is linked to increased risk of many agerelated diseases, including cancer, heart disease, and diabetes (Ames, 2006) .
Reduced ability to maintain a proteostasis and a functional proteome is one of the hallmarks Huntington's disease (Vilchez et al., 2014) .
The common denominator
All these mechanisms cause cellular damage, which eventually brings to autophagy and cell apoptosis. 
Telomere length and aging
Telomeres' functional role is to prevent gene loss from enzymatic nucleotide degradation and genome instability. Repetitive 5'-TTAGGG-3' sequences of 70 to 100 nucleotides bound to telomeric interacting proteins provide a protective cap of the chromosomal DNA, resembling the end of a shoelace (Fig. 2) . To exert DNA repair mechanisms, single-stranded telomeric DNA form T-loop structures at the tip of chromosomes (Griffith et al., 1999) . Normal diploid cells lose telomeric DNA during DNA replication due to the end replication problem. Thus, somatic cells have a certain lifespan until they reach a critically short length which will result in one of the following cell fates: senescence, cell death by apoptosis, genomic instability due to the fusion of telomeres. and Szostack J. were the first to identify the role of telomerase in chromosomal elongation in eukaryotic cells (Greider & Blackburn, 1987) and the protective role of telomeric DNA from nucleotide degradation (Greider & Blackburn, 1985) . These great discoveries were awarded
The Nobel Prize in Physiology or Medicine 2009
and shed new light on disease mechanisms and aging.
Telomeres: biological clock
Recent studies indicate that telomere length, which can be affected by various lifestyle factors, can affect the pace of aging and onset of age-associated diseases. Stem cell dysfunction provoked by telomere shortening may be one of the mechanisms responsible for organismal aging in both humans and mice. Cell replication rate, cumulative exposure to damaging agents, low activity of the telomerase enzyme are the cause of erosion of telomeres (Aviv, 2008) . Agents (Funk et al., 2000) and recently it was demonstrated that telomere re-lengthening through telomerase activation could reverse aging phenotype in mice (Jaskelioff et al., 2011) . It was the first time in history to invert aging process in mammals. Previous studies suggested that female human fertility decreases with increased maternal age and that various adverse factors, including alterations in telomerase activity, can contribute to age-associated infertility in women.
The fact that telomerase activity is regulated Some of the factors that negatively influence telomere length are smoking, alcohol, stress, vitamin D and C deficiency, obesity, oxidation and drugs (Shammas, 2011; Rode et al., 2015) .
On the other hand, nutrition, antioxidants, omega 3, exercise and telomerase activators are some of the factors that positively influence telomere length (Ornish et al., 2013) .
Telomere shortening is a biological clock that indicates the pace of aging (Fig. 3) . Telomere length at birth can vary from 5000-15000 pair bases, so the rate of telomere shortening is a more robust biomarker than the absolute telomere length. At birth, the average telomere length is 10.000 bps. At 20 years of age, the average telomere length is around 8.000 bps. Gradual loss year, ages at a five times slower pace (Lansdorp et al., 1996; Okuda et al., 2002) .
Rate of telomere shortening predicts longevity
The two main methods to assess telomere percentage of short telomeres and percentage of critically short telomeres (<3kb), and gives an overview of the rate of telomere shortening and longevity Ledford, 2007) . It is known that the rate of increase of the percentage of short telomeres predicts longevity in mammals . (Tsitsimpikou et al., 2013) .
